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Cutaneous melanoma is noteworthy for its therapeutic re-
sistance, aggressive clinical behavior, and predisposition for
late metastasis. In contrast to the declining incidence for
many types of cancer, recent studies indicate that the in-
cidence of melanoma has increased steadily in the last
three decades (Howe et al, 2001), which demands an
improved understanding of the molecular mechanisms
involved in the genesis and progression of melanoma.
Although a causal role for the ultraviolet (UV) portion of solar
radiation in melanoma etiology is well accepted (Marks,
2000), the functional relationship between genes and envi-
ronmental sunlight in the pathogenesis of melanoma re-
mains unclear. Basic melanoma research would benefit
greatly from the availability of relevant animal models of
melanoma, in which outstanding questions could be exper-
imentally addressed. Unfortunately, investigations into the
initiation and progression of melanoma have been ham-
pered by the paucity of such animal models.
An ‘‘ideal’’ animal model would accurately recapitulate
human disease, particularly the UV-based etiology, the mo-
lecular genetics, and the histopathological architecture of
cutaneous melanoma. Furthermore, it should be amenable
to genetic and immunologic manipulation. Although a
number of animal melanoma models have been described
(reviewed in Jhappan et al, 2003), which will briefly be
recapitulated here, the histopathological appearance and
graded progression of the arising melanocytic malignancies
have been, for the most part, distinct from human cutane-
ous melanoma. Large animal models of melanoma have
been reported, which include Sinclair swine and Camargue
horse (Fleury et al, 2000); however, neither develops me-
lanomas with a sunlight-based etiology. The non-mamma-
lian Xiphophorus fish model has been used to study the
photobiology and genetics of melanoma. Although the Xi-
phophorus fish develops melanomas spontaneously and is
also responsive to UV radiation (Walter and Kazianis, 2001),
the tumor histology differs substantially from human
melanomas. The opossum Monodelphis domestica is an
interesting model that also responds to UV to initiate me-
lanoma (Kusewitt et al, 1991). But the inability to derive in-
bred opossums ultimately limits the utility of this model for
genetic and immunologic investigations. Melanomas have
been reported in several guinea-pig models and in the
Syrian hamster; however, the tumors were initiated by
exposure to the chemical carcinogen 7,12-dimethyl-
benz[a]anthracene (DMBA) (reviewed in Bardeesy et al,
2000) an agent of unknown etiological relevance, and not by
UV alone.
Mice in general represent an outstanding animal model,
due in large part to the extensive understanding of mouse
genetics; unfortunately, melanomas are extremely difficult
to initiate in mice. Moreover, like other animal models, me-
lanomas that do arise are typically dermal in origin, and thus
do not show histopathologic similarities to human disease.
The dermal origin of mammalian melanomas is likely a con-
sequence of the normal location of melanocytes within the
skin. In most mammals, including mice, melanocytes are
confined to the hair follicles within the dermis. In contrast,
melanocytes in human skin reside in the basal layer of the
epidermis. A number of mouse models of cutaneous me-
lanoma have now been generated (reviewed in Bardeesy
et al, 2000; Merlino and Noonan, 2003). The model that has
been most thoroughly analyzed at the molecular level arises
because of expression of activated Ras and inactivation of
the ink4a/arf locus (Chin et al, 1999), already implicated as
encoding a melanoma tumor suppressor.
Recently, we have derived a melanoma model in neona-
tally UV-irradiated mice transgenic for hepatocyte growth
factor/scatter factor (HGF/SF) (Takayama et al, 1996; Noon-
an et al, 2001). HGF/SF is a multifunctional cytokine that
can elicit mitogenic, motogenic, and/or morphogenic re-
sponses in a variety of cells, including melanocytes, that
express its receptor tyrosine kinase c-Met. The c-Met re-
ceptor is highly expressed in many mouse and human
tumors and has been implicated in oncogenesis (Jeffers
et al, 1996; Danilkovitch-Miagkova and Zbar, 2002). A key
feature of the HGF/SF-transgenic mouse is the ectopic
localization of HGF/SF-expressing melanocytes to the ep-
idermis, upper regions of the dermis, and at the epidermal–
dermal junction, phenotypically more akin to human skin
(Noonan et al, 2001; Recio et al, 2002). Cutaneous me-
lanomas then arise in the UV-irradiated HGF/SF-transgenic
mouse in distinct stages that resemble human disease,
including grossly identifiable premalignant lesions, interme-
diate radial and vertical growth stages of heterogeneous
histopathologies, and late metastatic spread to a variety
of distant organs (Fig 1) (Noonan et al, 2001; Recio et al,
2002). A single neonatal dose of mild erythemal (skin red-
dening) UV radiation was necessary and sufficient to induce
melanoma in the HGF/SF-transgenic mouse with relatively
high penetrance, arising with histopathologic and molecular
This article is reprinted, with permission, from the website http://
www.melanomaresearch.org
Abbreviations: HGF/SF, hepatocyte growth factor/scatter factor;
UV, ultraviolet
Copyright r 2005 by The Society for Investigative Dermatology, Inc.
86
pathogenetic profiles reminiscent of human melanoma
(Noonan et al, 2001). These data experimentally support
the hypothesis based on long-debated epidemiological ev-
idence that childhood sunburn is in fact a high melanoma
risk factor (Whiteman et al, 2001). When placed on a back-
ground devoid of Ink4a/Arf, the median time to melanoma
development induced by UV irradiation of HGF/SF-trans-
genic mice was significantly reduced (Recio et al, 2002),
demonstrating that ink4a/arf plays a critical role in UV-in-
duced melanoma development and strongly suggesting
that sunburn is a significant risk factor in human kindreds
harboring germ-line mutations in INK4a/ARF (Bishop et al,
2002). Taken together, our data show that the HGF/SF-
transgenic mouse represents an authentic animal model for
human cutaneous melanoma.
Although UV exposure is strongly implicated in the etio-
logy of cutaneous melanoma, there are conflicting opinions
on the roles of UVB and UVA, which differ in their ability to
initiate DNA damage, stimulate cell-signaling pathways, and
induce immune alterations. To address this issue, HGF/SF-
transgenic mice were exposed as neonates to light from
specialized optical sources, emitting isolated or combined
UVB or UVA wavebands or solar-simulating radiation (De
Fabo et al, 2004) (Fig 2). All UVB-containing light sources
were found to effectively initiate melanoma. In sharp contrast,
the response of transgenic mice irradiated with either isolat-
ed UVA, or a sunlamp filtered to remove the UVB, was the
same as unirradiated animals. These data show that in this
albino mouse model UVB is responsible for the induction of
melanoma, whereas UVA is ineffective even at doses con-
sidered physiologically relevant. Data from this animal model
may be relevant with respect to risk assessment from expo-
sure to both solar and artificial UVB, and may facilitate the
development of more efficacious sun protection strategies.
In summary, the HGF/SF-transgenic mouse appears
to represent a useful surrogate for human melanoma. This
Figure 1
Histopathological comparison be-
tween a panel of human melanomas
(left), and melanocytic lesions arising
in ultraviolet (UV)-irradiated hepatocyte
growth factor/scatter factor (HGF/SF)-
transgenic mice (right). (a) Early human
melanoma in situ in which solitary atypical
melanocytes (arrow) are scattered into
the upper epidermis. (b) Lesion arising in
HGF/SF-transgenic mouse with same
features shown in (a) (arrow). Inset: Iden-
tification of scattered epidermal cells as
melanocytes (TRP1 positive). (c) Two pan-
els showing more advanced human radial
growth phase melanoma exhibiting prolif-
eration of atypical melanocytes as solitary
units (arrowhead) or nests (arrow), distrib-
uted along and above the dermal–epithe-
lial junction. (d) Two lesions arising in
HGF/SF-transgenic mice highly similar to
(c) showing large nests of atypical me-
lanocytes (arrow), and ‘‘pagetoid spread’’
melanoma cells into the keratinized layer
(arrowhead). Inset: Identification of nested
cells as melanocytes (TRP1 positive). (e)
Representative human vertical growth
phase melanoma exhibiting broad growth,
asymmetry, and irregular distribution of
melanocytes along the junction; lower
magnification. (f) Invasive lesion from
transgenic mice comparable with (e) ex-
hibiting broad growth, asymmetry, and
chaotic melanocyte distribution in the
epidermis; lower magnification. Inset
displays S100 stain of same tumor. (g)
Lymph node metastasis from melanoma
patient. Inset: Lower magnification of
S100-positive metastatic cells. (h) Lymph
node metastasis from UV-irradiated trans-
genic mouse. Inset: lower magnification of
TRP1-positive metastatic cells. All tissue
sections shown were stained with H&E
unless otherwise indicated. This figure is
reproduced from Recio et al (2002), with
permission from the American Associa-
tion of Cancer Research.
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animal model should permit a relevant assessment of both
the genetic basis for the pathogenesis and progression of
melanoma in different in vivo stages and the risk associated
with exposure to various candidate etiological agents and
conditions. It is anticipated that identification of novel fac-
tors and/or pathways in melanoma genesis through use of
this animal model will provide insight into mechanisms un-
derlying cutaneous melanoma, as well as new avenues for
more effective treatment.
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Figure 2
Melanoma induction in neonatally ultraviolet (UV)-irradiated
albino hepatocyte growth factor/scatter factor (HGF/SF)-transgenic
mice. Shown are the Kaplan–Meier melanoma-free survival curves for
HGF/SF-transgenic mice treated with pure UVA (black) or pure UVB
(red). Note that UVA exposure in these mice was alone, incapable of
inducing melanoma genesis; see De Fabo et al (2004) for details.
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